Malaria continues to frustrate humanity's attempts to eradicate this deadly disease. Although gains have been made over the last 15 years, drug resistance to malaria continues to be a major concern. The lack of new antimalarials with novel mechanisms of action continues to challenge the scientific community to find innovative targets to combat this persistent disease. One such target, apical membrane antigen 1 (AMA1), is an essential protein that helps the parasite invade host erythrocytes. Recently, a number of efforts have focused on the druggability of this target, aiming to block the interactions of AMA1 that mediate invasion of host cells. This review covers recent progress in drug discovery targeting this crucial protein-protein interaction in malaria.
Introduction
Malaria is a complex disease caused by unicellular parasites of the genus Plasmodium. Of the five species of Plasmodium known to infect humans, P. falciparum and P. vivax are the major causes of death and disease. P. ovale, P. malariae and P. knowlesi also infect humans, but represent only a small percentage of infections. Malaria continues to be a critical endemic health problem for much of the world's impoverished and vulnerable societies. Although in recent years the incidence and mortality rates of malaria have decreased in response to increased prevention and treatment strategies, in 2015 alone there were an estimated 214 million new cases of malaria and 438 000 deaths. 1 Most concerning is the fact that 306 000 of these deaths were children under five years of age. Artemisinin-based therapies have played a central role in recent successes against malaria, 2 although resistance to these front-line treatments is now a serious threat, with detection of resistance in five countries in the Greater Mekong region of Asia, and the likelihood of further spread. 1 This problem, coupled with the fact that the pipeline of novel antimalarial agents under development suffers from a lack of diversity, underscores the need for new targets to combat malaria. 3 Despite recent progress towards a malaria vaccine, 4, 5 the most advanced of the current candidates possess only modest and short-lived efficacy, and there is no established timetable for widespread clinical roll-out. 6 Therefore, there is a clear and present unmet need for novel targets and new antimalarials.
AMA1 -history, importance, function, controversy
The lifecycle of all Plasmodium species involve multiple phases of growth and reproduction within distinct types of host cell. Accordingly, the parasites rely on an elaborate mechanism of host cell invasion, which is conserved across the genus and more broadly across the phylum Apicomplexa. 7 One of the best-characterised components of malaria's invasion machinery is the integral membrane protein apical membrane antigen 1 (AMA1). Peterson and coworkers first isolated AMA1 at the Walter and Eliza Hall Institute in 1989 and showed that it was transported to the merozoite surface near the time of schizont rupture. 8 AMA1 is one of a range of proteins that is secreted from the microneme and rhoptry organelles, 9 many of which are involved in host cell invasion. 7 Amongst these proteins are the so-called rhoptry neck proteins (RON), which form a complex that includes RON2, RON4 and RON5. The RON complex is injected into the target host cell, with RON2 integrated into the host cell plasma membrane, where it acts as a receptor for AMA1 by exposing its ectodomain. 10, 11 Thus, the parasite provides both ligand (AMA1) and receptor (RON2) in forming the AMA1-RON complex. The AMA1-RON complex co-localises with a tight junction that forms between the apical tip of the parasite and its host as the parasite prepares to invade (Fig. 1A) . [10] [11] [12] This junction moves from the apex of the parasite to its posterior end as invasion proceeds, and so is known as the moving junction. By this mechanism, the parasite enters the host cell, forming the parasitophorous vacuole in which it will reside. Once the moving junction reaches the posterior end of the parasite, a membrane fusion event closes the parasitophorous vacuole, separating it from the host cell plasma membrane. Although the molecular details of moving junction formation and the precise role of AMA1 in this process remain unclear, an extensive body of evidence suggests that AMA1 plays an essential role in invasion. Repeated attempts to generate AMA1 knock-outs in several Plasmodium species have failed to yield stable clonal lines, suggesting the gene is essential to parasite growth in blood-stage culture. [13] [14] [15] Despite clear evidence of strong diversifying pressure acting on AMA1 from the host immune system, 16,17 the AMA1-RON2 interaction remains highly conserved across the apicomplexan phylum. 18 Furthermore, antibodies targeting AMA1, arising through natural infection or from experimental immunisations, block the AMA1-RON2 interaction, inhibit blood-stage culture of P. falciparum parasites, and are correlated with protection from disease in vivo. 19, 20 There has been some recent controversy about the essentiality of AMA1 and its role in the moving junction. On the basis of a series of transient AMA1 knock-down and knockout lines in Toxoplasma and P. bergei, Ménard and colleagues posited that AMA1 acts independently of the RON complex and is dispensable in any step of the invasion process. 13, 15, 24 However, several factors complicate the analysis of these lines. In Toxoplasma, paralogues of both AMA1 and RON2 exist, which appear able to complement the loss of AMA1. 25 Moreover, no stable clonal knockout lines were established in P. bergei, and the principal assay of host cell invasion used in this work may be unable to distinguish productive invasion from aborted invasion events in which the parasite remains associated with the host cell but is unable to undergo intracellular development. 26 Irrespective of the dispensability of AMA1 at the genetic level, a wide range of antibody and peptide inhibitors of the AMA1-RON2 interaction inhibit host cell invasion and parasite growth in culture. 27 Accordingly, the potential efficacy of AMA1 as a target for chemical inhibition is now accepted. 13 Nonetheless, significant challenges must be overcome if anti-malarials targeting AMA1 are to be developed. The large and relatively flat interface between AMA1 and RON2 is typical of a protein-protein interaction (PPI), and presents a number of challenges shared by this type of target. 28, 29 Moreover, the formation of the moving junction and the AMA1-RON2 interaction itself is a transient event, occurring only briefly during each ∼48 hour asexual cycle. Together with the fact that AMA1 appears to be present in excess on the parasite surface, 26 this may indicate that a saturating amount of inhibitor needs be present at the time of invasion in order to achieve a therapeutic outcome. AMA1 is, however, directly exposed to the host bloodstream prior to invasion, thus removing the difficulties associated with accessing intracellular targets and avoiding the potential for resistance by drug-efflux mechanisms.
Structural insights into the AMA1-RON2 interaction
Mature AMA1 is a 66 kDa type 1 integral membrane protein with a short, well-conserved cytoplasmic region. This cytoplasmic tail has an important functional role in host cell invasion, which appears to involve cAMP-dependent phosphorylation, but other details remain obscure. 30, 31 A key feature identified by Bai et al. in the first crystal structure of the PfAMA1 ectodomain was a cleft between loops in domains I and II, 22 the base of which is lined by conserved hydrophobic residues (Fig. 1B) . Initial evidence for the functional importance of this hydrophobic cleft came from the discovery of an inhibitory shark-immunoglobulin new antigen receptor (IgNAR), which binds at one end of the cleft. 32 Competitive binding with other inhibitory molecules implied that they too bound at the hydrophobic cleft, 27 and subsequent structural studies have confirmed this result. 21, 23, 33 Likewise, the native ligand, RON2, binds along the full length of the hydrophobic cleft. 23, 34, 35 In the case of RON2, as well as the peptide inhibitor R1, 27, 36 ligand binding displaces the extended DII loop that lines one end of the cleft (Fig. 1C ). This opens that end of the cleft, exposing a much greater conserved surface area for the interaction of these ligands.
Drug discovery targeting AMA1 inhibitors

Fragment-based approaches
Over the past 20 years, fragment-based drug discovery (FBDD) has emerged as a powerful technique to drive a project from hit to lead. Many campaigns have demonstrated the feasibility of producing clinically useful elaborated molecules from a weak fragment hit. 37, 38 Significantly, FBDD has been applied successfully to PPIs, a class of target that historically constituted a significant challenge. 39 This has culminated in two molecules reaching the clinic: Vemurafenib in 2011 for the treatment of late-stage melanoma 40 and Venetoclax earlier this year for the treatment of chronic lymphocytic leukaemia. 41 Our group has applied an FBDD approach to AMA1, which commenced with a screen of the MIPS in-house fragment library 42 against 3D7 PfAMA1 DI+II. 43 We screened 1140 compounds by saturation transfer difference (STD) NMR in cocktails containing six compounds; hits were then re-examined as singletons in competition experiments with R1, an inhibitory peptide with a binding affinity (K D ) of 100 nM. 27 This experiment served to demonstrate that the fragments were binding along the hydrophobic cleft where R1
has been shown to bind. 21, 23, 27 This secondary screen also exploited an orthogonal ligand-detected NMR technique which detected enhanced NMR relaxation rates upon binding. We thus identified 57 fragments that were positive in both NMR experiments, and which were competed by R1, giving a 5% overall hit rate from our MIPS fragment library. We then assessed these fragments by surface plasmon resonance (SPR) to arrive at a final group of 46 discrete molecules with demonstrable binding to AMA1. These molecules were clustered and assessed for synthetic tractability, solubility and ligand efficiency. A number of relatively conserved scaffolds presented themselves, including 2-aminothiazoles (1), furans (2), pyrazoles (3) and benzimidazoles (4) (Fig. 2A) . Initially, a series of 4-aryl substituted 2-aminothiazoles was synthesised. 43 However, when these were analysed by NMR and SPR, the structure-activity relationships (SAR) obtained were flat and inconsistent. We then reviewed our fragment screening campaigns at MIPS and found that in 14 screens against our fragment library at least one 2-aminothiazole hit all 14 targets by STD NMR. 42 This led us to investigate all 2-aminothiazoles, of which there were 28 in our fragment library, for their potential promiscuity by SPR, NMR and computational methods. We also interrogated two high throughput-screening (HTS) libraries, one from academia and one from industry. Although the HTS libraries showed some signs of frequent hitter behaviour, the result was much more pronounced in the fragment set. The 28 fragments in our library were then examined against six unrelated protein targets and, although some patterns emerged, such as the association of the free 2-amino group with increased promiscuity, no clear mechanism of action was evident. Nonetheless, the SAR obtained was confusing and flat against several of the targets, as previously seen in the characterization of pan-assay interference compounds (PAINS) by HTS. 49 We therefore concluded that this class of molecule should be excluded from fragment libraries, unless several orthogonal approaches are utilised to avoid these so called promiscuous 2-aminothiazoles (PrATs). 45 The remaining scaffolds identified in the original fragment screen are currently under investigation and the outcome of these studies will be reported in due course.
Towards peptidomimetic inhibitors of the AMA1-RON2 interaction
Another potential approach to the development of drugs targeting AMA1 involves peptidomimetic inhibitors based on the endogenous ligand RON2 or peptide inhibitors such as R1. To explore the potential of this approach, we and others have dissected the key interactions responsible for the efficacy of these peptides. 23, 35, 50, 51 The results of these studies have demonstrated that RON2 and R1 adopt similar conformations when bound to AMA1, and the key binding interactions of both peptides are similar (Fig. 3) . Moreover, these interactions are distributed across the length of the long hydrophobic cleft that serves as their common binding site on AMA1. In the case of R1, key peptide residues include the hydrophobic sequence FLPLF (residues 5-9) and Phe12 and Arg15. The binding sites for these residues on AMA1 are separated by approximately 26 Å. Similar or identical residues on RON2 (including Pro2033, Val2034, Phe2038 and Arg2041) make very similar interactions with AMA1. The minimal high-affinity peptide derived from RON2 is longer than R1, and includes a disulfide-linked 13-residue β-hairpin (residues 2037-2049), which enables additional interactions that contribute to the higher affinity and lack of strain specificity in RON2 binding.
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A recent peptide engineering exercise identified two point mutations to RON2 that afford a 1-2 order of magnitude increase in binding affinity for AMA1. On the background of a 29-residue peptide based on residues 2027-2055 of RON2, these mutants give rise to K D values of 2.1 and 0.4 nM, respectively, for 3D7 and FVO AMA1. 50 This is the most potent strain-transcending peptide identified to date. Nonetheless, in this peptide, as in the parental RON2 and R1, critical interactions are broadly distributed over the surface of AMA1 in ways that are unlikely to be effectively mimicked in a druglike peptidomimetic inhibitor.
HTS approaches
Srinivasan and co-workers identified small-molecule inhibitors of the AMA1-RON2 complex, via an AlphaScreen assay of a ∼21 000 member library, in which a truncated RON2 peptide was conjugated to the AlphaScreen donor bead, and AMA1 to the AlphaScreen acceptor. 47 This screen identified 20 initial hits, 14 of which were tested in blood-stage parasite culture, resulting in three hits that blocked merozoite invasion in vitro with IC 50 values in the range 21-29 μM. Resynthesis of pyrrolopyrimidine 5 ( Fig. 2B ) and chemical elaboration of this scaffold, produced two molecules (6 and 7) that showed enhanced inhibition, with reported IC 50 values of 9.8 μM and 6 μM, respectively. The authors used immunoprecipitation assays to show that these compounds prevented the association of RON2 with AMA1 and electron microscopy of invading parasites to infer that the compounds blocked moving junction formation. Nonetheless, they were unable to quantify a direct interaction between these molecules and AMA1, impeded by poor compound solubility. Moreover, SPR data showed clear evidence of weak, super-stoichiometric binding. In an attempt to address these issues, we synthesized the three active compounds and examined them using our previously-described biophysical techniques based on NMR and SPR. 43 Compounds 5-7 showed clear evidence of colloidal aggregation over the concentration range employed for in vitro testing, suggesting these assays may be confounded by the well-known non-specific effects of colloidal aggregates in a broad range of biological assays. 52, 53 We therefore attempted to improve some of the problematic physicochemical properties of this scaffold, including the high calculated partition co-efficients (clog P), 54 a measure of solubility, and the lipophilic ligand efficiency (LLE AT ), 55 an indicative measure of potency relative to molecular size and lipophilicity. To address these issues, we replaced the 7-cyclopentyl group with a methyl group to reduce the lipophilicity and explored substitutions on the 5-aryl ring, whilst maintaining the 4-amino group of the pyrroloĳ2,3-d]pyrimidine scaffold. Although the Srinivasan compounds 47 and our novel, more soluble, analogues 56 showed modest activity as anti-malarials in a growth inhibition assay (GIA), their affinity for AMA1 (where measurable) was low and did not correlate with GIA activity. Likewise, a third group has been unable to quantify binding of 5 to AMA1, either by SPR Fig. 3 Peptide ligands R1 and RON2 make similar interactions with AMA1. R1 (orange) (PDB: 3SRJ) 23 adopts a similar conformation to residues 2027-2047 of RON2 (blue) (PDB: 3ZWZ). 23 Five residues in each peptide are identical (red), and make similar interactions with AMA1. Figure modified from Wang et al. 35 or in a fluorescence anisotropy based R1 competition assay (described below). 48 We therefore concluded that these compounds were acting in an AMA1-independent manner. As this scaffold is prevalent in the kinase literature, we believe another pathway, possibly the calcium-dependent protein kinase 1 (CDPK), may be the major target in the activity of these compounds. 56 
Virtual screening approaches
Pihan et al. have approached the inhibition of AMA1 by both computational and biophysical approaches. 48 Virtual screening of a collection of 8 million compounds, from sources including the ChEMBL malaria library, MMV Malaria Box 57 and approved drugs, was conducted using pharmacophoric models based on the interactions of PfRON2sp1 and R1 with 3D7 AMA1 (PDB: 3ZWZ and 3SRJ). 23 Their screening cascade used three ligand-based mapping programs: PHARMER, Align-It and PepMMsMIMIC. From these programs, 2 557 052 structures were selected from the initial 203 738 892 structures interrogated. Utilising the crystal structure of the PfAMA1-PfRON2sp1 (PDB: 3ZWZ) 23 and the PLANTS program, 58 in silico docking experiments were conducted. The binding site was a 12 Å sphere centred on the oxygen of the side-chain of Tyr251, a key residue near the centre of the hydrophobic cleft. 59 Ten poses were generated per structure and the best-scoring pose was selected for subsequent analysis. The binding poses of these structures were analysed for their interaction with three PfAMA1 residues, Val169, Phe183 and Tyr234. A final visualisation step reduced the structurebased analysis of 7161 down to eight compounds. However, it is unclear how this number was so significantly culled. These compounds included 5 diazepinones, an acetamide and two known drugs: Goserelin, for the treatment of breast and prostate cancer, and Indinavir, a retroviral treatment for HIV/ AIDS. They also included the MMV Malaria Box in their computational workflow, resulting in 1 hit, MMV019881. In order to test these compounds, a fluorescence anisotropy-binding assay was developed. This assay used a fluorescein-labelled peptide probe that was outcompeted by a putative small-molecule inhibitor binding to AMA1. A relatively weak probe is required as the nanomolar binder F*PfRON2sp1 was too potent to permit observation of competitive displacement. A truncated version of the potent binder R1 was utilised featuring a 5-carboxyfluoroscein (5-FAM) linked by an aminohexanoic acid (Ahx) to a 13-residue version with sequence: 5-FAM-Ahx-ALPLFSKFGSRMH, known as F*R1-13A1. The nine hits selected from the in silico screening, together with the Srinivasan compound 5, 47 were tested for their ability to disrupt the interaction between PfAMA1 and F*R1-13A1. Diazepinone 8 and pyrrolopyrimidine 5 showed moderate competitive behaviour, with an IC 50 determined for diazepinone 8 of 24 μM (Fig. 2C) . Limited solubility of pyrrolopyrimidine 5 prevented the quantification of its potency in this assay. The compounds were also tested for their ability to bind AMA1 by SPR, with none showing saturable interaction with the target. Nonetheless, the fluorescence anisotropy assay developed in this study could find greater utility in the future to interrogate putative inhibitory effects at AMA1.
This computational approach followed work that used in silico strategies to identify putative peptidomimetics of AMA1-binding peptides identified by random phage display. 60, 61 These molecules were then docked into PfAMA1
(PDB: 1Z40) 22 along the hydrophobic cleft. 44 Then, using the ZINC database, 62 small molecules that were similar to the five top scoring results were blindly docked into the surface of PfAMA1. These compounds were not predicted to interact with the polymorphic regions of PfAMA1 and their putative binding site in the hydrophobic cleft may suggest their potential to inhibit the AMA1/RON2 interaction. Nonetheless, experimental validation of this work is lacking, and would be required before the utility of these compounds became evident.
Structural and functional elucidation
One of the key difficulties with drug discovery targeting AMA1 has been the lack of success in obtaining crystal structures of small-molecule inhibitors interacting with AMA1. Many structures are available for PfAMA1, including in complex with the inhibitory monoclonal antibody 1F9, 33, 63 sharkimmunoglobulin domains (IgNARs) 32 and the peptide inhibitor R1, 23 as well as with the native ligand, RON2. 23 Although these structures have enabled much of the foregoing drugdiscovery effort, no small-molecules have been crystallised successfully with AMA1 so far, which has significantly impeded the further development of the hits identified to date. The PfAMA1 sequence is relatively polymorphic, with variation being driven by pressure from the host immune system. These polymorphisms are clustered on a single face of PfAMA1. As a result, the potent R1 peptide and inhibitory antibodies are strongly strain-specific; for example R1 binds 3D7 AMA1 with a K D of 100 nM, but to the divergent FVO AMA1 with a K D of ≥500 μM. 64 Since our goal was to develop a strain-transcending inhibitor of AMA1, we sought to determine if the sequence divergence between these two strains results in structural change affecting binding. Accordingly the X-ray crystal structure of FVO AMA1 was obtained and compared with previous 3D7 structures. 64 Overall the structures were highly similar and suggested that the strain-specificity of R1 and other inhibitors reflects the loss of a few key interactions rather than any significant structural change. Unlike two published structures of 3D7 PfAMA1 (PDB: 1Z40) 22 and 1F9-3D7 PfAMA1 complex (PDB: 2Q8A), 33 where the DII loop is partially ordered, the DII loop in FVO PfAMA1 is completely disordered in this structure. 64 This difference appears to be a consequence of the distinct crystallisation conditions or crystal contacts, rather than any intrinsic difference in the flexibility of the DII loop. Indeed, the flexibility of the DII loop is associated with a conformational change that allows interaction between AMA1 and its endogenous partner RON2, 23 and is therefore likely to be essential for AMA1 function. 65 19 F NMR spectroscopy has proven to be a valuable method for probing ligand-induced conformational changes and has found utility with a number of biologically relevant protein targets. 66, 67 Our group has utilised 19 F NMR spectroscopy to detect ligand-induced movement of the DII loop of AMA1. 44 We achieved this by mutating Phe367, near the centre of the DII loop to Trp (Fig. 4A ) and replacing the introduced and native Trp residues with 5-fluorotryptophan (5-F-Trp) by expression in the presence of glyphosphate. The resulting 5-FTrp F367W AMA1 was correctly folded and bound RON2L and R1 with affinities that compared well with those of wildtype AMA1. Additional Trp-to-Phe mutants were used to assign the four native Trp residues in AMA1, each of which lies outside the DII loop (Fig. 4A) . The 19 F NMR spectrum of the mutant F367W reveals five signals, corresponding to the four native Trp residues in AMA1, and the Trp introduced at residue 367 (Fig. 4B) . The linewidth of the signal from Trp367 is more than twice that of the native AMA1 Trp signals, indicating the presence of conformational exchange centred on the DII loop, consistent with evidence from NMR 46 and X-ray crystallography 64 that the DII loop is quite flexible.
In the presence of the peptide ligands RON2L and R1, a significant change in the 19 F NMR of 5-F-Trp-AMA1ĳF367W] was observed, with the 5-F-Trp367 undergoing a 0.2 ppm change in chemical shift and a 2.5-fold decrease in linewidth, to become the sharpest peak in the spectrum (Fig. 4B) . We interpret this as a significant increase in the flexibility of W367 relative to the rest of AMA1, consistent with the DII loop being displaced from the hydrophobic cleft and becoming highly flexible, as inferred from the crystallographic results. We then tested the effect of members of our fragment series on the 5-F-Trp-AMA1ĳF367W] spectrum. 44 Of three series tested, one caused concentration-dependent sharpening of the 5-F-Trp 367 resonance, similar to that caused by the peptide ligands (Fig. 4D ). This result suggests that members of this series of elaborated fragments displace the DII loop in much the same way as the peptide ligands do. In contrast, members of two other series caused no change to the 5-FTrp-AMA1ĳF367W] spectrum, despite competing with R1 and therefore binding in the hydrophobic cleft. This suggests that these molecules bind at a distinct sub-site within the cleft, distal from the DII loop, and accordingly do not displace the loop. Thus, this approach has the potential to distinguish amongst the several potential binding sites along the length of the cleft, and to reveal the structural mode of action of AMA1-RON2 inhibitors. To further our understanding of the effects of polymorphism in PfAMA1, the backbone NMR resonance assignments of two P. falciparum strains 3D7 and FVO were obtained by NMR spectroscopy. 46 The spectra of FVO PfAMA1 were of higher quality than 3D7, reflecting differences in sample stability and optimal solution conditions for the two proteins. The spectral differences may also reflect differences in conformational dynamics, with 3D7 AMA1 experiencing more extensive line-broadening due to intermediate timescale conformational exchange. Approximately 84% of expected backbone resonances were assigned in FVO AMA1, compared with the less than 50% assignment coverage possible for 3D7. These assignments were used to map the binding site of several small molecules including thiazoles, pyrazoles and benzimidazoles. Of these, three benzimidazoles gave small chemical shift perturbations in 2D [ 32 showing the RON2 binding site (green), the DII loop (blue), the site of the introduced 5-FTrp367 (red) and the four native Trp residues (yellow); (B) 19 F NMR spectrum of 5-F-Trp labelled F367W AMA1 (blue) contains signals from the four Trp residues in wt AMA1, plus an additional broad signal attributed to the introduced 5-F-Trp367. Deconvolution of the spectrum as the sum of five Lorentzian signals is shown (grey). Addition of the peptide ligands R1 (green) or RON2L (purple) causes the 5-F-Trp367 resonance to become sharp. A series of aminothiazole fragments at 0 (blue), 1 (purple) and 3 mM (red) bind to AMA1 and cause concentrationdependent sharpening of the 5-F-Trp367 resonance. Samples contained ∼100 μM 5-F-Trp F367W AMA1 in 20 mM sodium phosphate, pH 7.4, and spectra were recorded at 25°C and a information will help guide future development of highaffinity ligands as PfAMA1 inhibitors. Our current research is utilising these findings to further elaborate the 2-phenylbenzimidazole fragment hits.
Conclusion and future prospects
The rise of resistance to all antimalarial drugs creates an urgent need for antimalarials acting on different biological targets such as AMA1. Although, drug discovery targeting AMA1 has its challenges, especially with the lack of structures of small molecule complexes, insights via various biophysical techniques promise to guide the development of small molecules targeting AMA1. Drug discovery efforts have included fragment and highthroughput screening, fragment elaboration and interrogation by SPR and NMR, RON2 peptidomimetic synthesis and computational approaches. The conserved nature of the hydrophobic cleft across AMA1 strains and its essentiality to the parasite continue to provide a strong impetus to develop inhibitors of the AMA1-RON2 interaction in order to block invasion of erythrocytes and help counter the rising burden of resistance to known drugs. The growing wealth of information summarised in this review regarding the structure, function and inhibition of AMA1 will aid in a better understanding of this important drug target.
